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(57)Abr6g6/Abstract: 

The invention relates to a method of enhancing the tear resistance, tensile strength, and the aging properties of a latex product 
by adding an antioxidant synergist with an antioxidant to a latex compound comprising of a polymer, a stabilizing system, a film 
surface conditioner and a curing system comprised of an activator, crosslinker and accelerator and to the latex products formed 
therefrom. Antioxidant synergists which can be used with the present invention include 2-mercaptobenzimidazole (MBI), 2- 
mercaptotoluimidazole (MTI), zinc 2-mercaptobenzimidazole (ZMBI) and zinc 2-mercaptotoluimidazole (ZMTI). The latex 
products formed may be gloves but can also include threads, balloons and other latex-related products. 
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ABSTRACT 



The invention relates to a method of enhancing the tear resistance, tensile 
strength, and the aging properties of a latex product by adding an antioxidant 
synergist with an antioxidant to a latex compound comprising of a polymer, a 
stabilizing system, a film surface conditioner and a curing system comprised of 
an activator, crosslinker and accelerator and to the latex products formed 
therefrom. Antioxidant synergists which can be used with the present invention 
include 2-mercaptobenzimidazole (MBI). 2-mercaptotoluimidazole (MTI), zinc 2- 
mercaptobenzimidazole (ZMBI) and zinc 2-mercaptotoluimidazole (ZMTI). The 
latex products formed may be gloves but can also include threads, balloons and 
other latex-related products. 
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Lat X Film Compound with Improved Tear Resistanc 

Field of the Invention 
The present invention relates to latex film compounds having enhanced tear 
resistance, tensile strength, and aging properties without any sacrifices in 
elasticity (elongation). 

Backoround of the Invention and Description of the Related Art 

Although latex products are well known in the art, an inherent problem 
associated with these products is the degradation of these products over time 
due to oxidation which shortens the useful life of the latex product. In the case of 
natural rubbers, oxidation results in chain scission which in turns causes a 
gooey, sticky aibber whereas in the case of synthetic rubbers, oxidation results in 
further cross-linking of the carbon chains which In turn causes a stiff and brittle 
mbber. It follows that produdng a latex product which is more resistant to 
oxidation would produce a product with enhanced tear resistance, tensile 
strength, elasticity and a longer useful life. 

Latex products are commonly produced by curing a mixture of a polymer or 
copolymer, a stabilizing system and a curing system comprised of an accelerator 
an activator and a crosslinker. 

In order to make the latex product more resistant to oxidation, an antioxidant is 
also added during production of the latex compound. Mercaptoarylazole 
compounds have previously been used as antioxidants. However, 
mercaptoarylazole compounds can also serve as accelerators. U.S. Patent 
4,435,532 used 2-mercaptobenzothiazole (col. 4, Example 4) as a heat stabilizer 
and deemed that This class of compounds is unusable due to its powerfully 
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accelerating effect on vulcanization since it restricts the possibility of processing 
the product and does not provide the necessary reliability in operation." 

Surprisingly, the applicant has discovered that combining an anti-oxidant with a 
mercaptoarylazole compound results in latex products which possess enhanced 
tear resistance, tensile strength, elongation and a longer useful life. 

Summan/ of the Invention 

It is an object of the invention to enhance the tear resistance, tensile strength, 
elasticity and aging properties of a latex product by adding an antioxidant and an 
antioxidant synergist to a latex compound comprising a polymer, a stabilizing 
system, a film surface conditioner and a curing system comprised of an 
accelerator, an activator and a crosslinker. 

The basic components of the latex product of the current invention comprise a 
polymer, a stabilizing system, a film surface conditioner and a curing system 
comprising an accelerator, an activator and a crosslinker. To this composition, 
an antioxidant and an antioxidant synergist was added. 

The polymer can be selected from any number of polymers and copolymers 
associated with the making of latex products and can be selected from the group 
consisting of natural rubber, acrylonitrile, polychloroprene, styrene butadiene, 
butyl, isoprene, ethylene propylene diene. chlorosulfonated polyethylene, and 
carboxylated and hydrogenated derivatives thereof. 

The stabilizing sj^tem can be selected firom any number of stabilizers commonly 
associated with the making of latex products and can be selected from the group 
consisting of modifiers of pH like ammonia, sodium and potassium hydroxide, 
tetrasodium pyrophosphate, amines, caseinate, glues, gelatin, natural and 
synthetic gums, organic soaps and surfactants. 
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The curing system is comprised of an activator, a crosslinl<er and an accelerator. 

Suitable accelerators for the curing system can be selected from the group 
consisting of thiazoles. sulfenamldes, dithiocarbamates. thiurams, xanthates, 
thioureas, guanidlnes, aldehyde amines and peroxides. 

Suitable activators for the curing system can be selected from the group 
consisting of metal oxides such as zinc oxide, magnesium oxide and lead oxide. 

Suitable cross-linkers for the curing system can be selected from the group 
consisting of sulfur, zinc oxide, zinc chloride and carbon to carbon crosslinks 
initiated by peroxides. 

The antioxidant can be selected from any number of antioxidants selected from 
the group consisting of amines, diamines, diphenylamines, octylated 
diphenylamines, reaction products of amines, phenols, alkylated phenols, 
arylated phenols, bisphenol A, Isocyanurates, butyl phenols, fortified phenols, 
phosphited phenols, butylated phenols, phendics, reacHon products of p-cresol 
and cyclopentadiene. styrenated phenols, hydroquinolines and dithiocarbamates. 

Prefened embodiments of the anti-oxidants are phenolic antioxidants or amine 
antioxidants. 

The antioxidant synergist for the purposes of this Invention is a 
mercaptoarylazole compound and salt fomis thereof. This includes though is not 
limited to mercaptoarylthiazoles and mercaptoaryllmidazole compounds. A 
prefemed embodiment of the mercaptoarylthiazole is 2-mercaptobenzothiazole. 
Preferred embodiments of the mercaptoarylimWazole are 2- 
mercaptobenzlmidazole (MBI) and 2-mercaptotoluimldazole (MTI). Preferred salt 



3 



CA 02353607 2001-07-23 



forms of the mercaptoarylazole compounds are rfnc salts, e.g. zinc 2- 
mercaptobenzimidazole (ZMBI) and zinc 2-mercaptotoluimidazole (Ziy/ITI). 

It is noted that the temi "antioxidant synergist" is distinguished from the term 
"antioxidant" in that the antioxidant synergist is able to enhance the antbxidative 
effect when added in combination with a primary antioxidant. However, using the 
antioxidant synergist alone may result In deterioration of one or more of the 
properties of the latex product, i.e. tensile strength, tear strength, elongation 
and/or useful life. 

The sulfur, zinc oxide or peroxide cured aibber composition may also contain 
conventional additives including surfactants, reinforcing agents, fillers, peptizing 
agents, pigments, stearic acid, accelerators, sulfur vulcanizing agents, 
antiozonants, antioxidants, activators, initiators, plasticizers, waxes, 
prevulcanization inhibitors, fire retardants and colorants. 

By adjusting the ratios of the antioxidants from 0.125 parts per hundred dry 
rubber (PHR) to 4 PHR and adjusting the antioxidant synergist from 0.1 PHR to 4 
PHR, the tear strength of the latex film will improve from 5 - 100%. 

For synthetic latex films, tear strength increased a minimum of 15 - 33% when an 
antioxidant and an antioxidant synergist were used. 

Brief Description of the Drawings 

Fig. 1 is a chart showing the effect of a 30 minute cure at lOO'C on tensile 
strength when amine antioxidant octylated diphenylamine (ODPA) and the 
antioxidant synergists ZI\iTI and MTI were added; 

Fig. 2 is a chart showing the simulation of the aging process of natural rubber 
when exposed to temperatures of lOO'C for 24 hours; 
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Fig. 3 is a ciiart showing tlie effect of a 30 minute cure at lOO'C on tensile 
strength when phenolic antioxidant polybutylated bisphenor A (PBBA) and the 
antioxicany synergists ZMTI and MTI were added; 

Fig. 4 is a chart showing the simulation of the aging process of the natural rubber 
when exposed to temperatures of 85°C for 7 days; 

Fig. 5 is a chart showing the effect on tear strenght of aging the synthetic oibber 
for 4 days at 100°C following a 45 minute cure at 141 °C : 

Fig. 6 is a chart showing the results of testing of Fig. 5 on elongation; 

Fig. 7 is a chart showing the original tear strength after curing and the effects of 
aging at lOO'C for three and six days following a 30 minute cure at 12rC ! and 

Fig. 8 is a chart showing the effect of the test conditions of Fig. 7 on elongation. 

Detailed Description of the Invention 

The base latex compounds include a polymer, a stabilizing system, a film surface 
conditioner, and a curing system comprising an accelerator, an activator and a 
crosslinker. To these compounds, an antioxidant and the toluimidazole 
antioxidant synergists were added. 

The following examples show that the inclusion of an antioxidant synergist such 
as 2-mercaptotoluimida20le (MTI) or the zinc salt of 2-mercaptotDlulmidazole 
(ZMTI) to a latex compound significantly improves the tensile strength, tear 
strength, and useliil life of a latex film without sacrificing elasticity or elongation. 
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EXAMPLES 

Abbreviations used: 

PHR - parts per liundred by weight of dry rubber 
ZMTI - zinc 2-mercaptotoluinriidazole 
MTI - 2-mercaptotolu Imidazole 

Example 1 - Natural rubber with amine antl-oxidant 

High Ammonia Natural Rubber latex is used as the base polymer, sodium lauryl 
sulfate is the stabilizer, sulfated methyl oleate is a film surface conditioner. The 
zinc oxide, sulfur and dithiocarbamate accelerator comprise the curing system. 



PHR 

High Ammonia Natural Rubber from Latex (NR) 1 00 

Sodium Lauryl Sulfate 1 

Zinc Oxide q 5 

Sulfur 0.5 

Dithiocarbamate Accelerator 0.75 

Potassium Hydroxide 0.15 

Sulfated Methyl Oleate 1 



To this composition, the amine antioxidant octylated diphenylamine (ODPA) and 
the antioxidant synergists ZMTI and MTI were added as follows: 
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1 
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1 


0 
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MTI 
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0 


0 


1 


0 


1 



Fig. 1 shows the effect of a 30 minute cure at 100°C on tensile strength. It can 
be seen that all six tests have roughly a tensile strength of about 35 MPa. 

To simulate the aging process of the natural rubber, the compositions were 
exposed to temperatures of lOO'C for 24 hours. The results are seen in Fig. 2. 

It can be seen that the addition of ZMTI (test 3) or MTI (test 4) decreased the 
loss of tensile strength relative to the addition of an antioxidant alone (tests 1 and 
2). It can also be seen that doubling the concentration of antioxidant (test 2) 
actually accelerated the degradation process. Note that the addition of ZMTI 
(test 5) or MTI (test 6) alone resulted in tensile strengths which were even worse 
than the addition of antioxidant alone. 

It is also noted that while the zm\ film (test 3) had a slightiy lower tensile 
strength relative to MTI film (test 4), the ZMTI film showed a higher brightness 
and enhanced resistance to copper staining. 

Example 2 - Natural mbber with phenolic antioxidant 

High Ammonia Natural Rubber latex is used as the base polymer, sodium lauryl 
sulfate is the stabilizer, sulfated methyl oleate is a film surface conditioner. The 
zinc oxide, sulfur and dithlocarbamate accelerator comprise the curing system. 
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PHR 

High Ammonia Natural Rubber from Latex (NR) 1 oo 

Sodium Lauryl Sulfate i 

Zinc Oxide 0.5 

Sulfur 0.5 

Dithiocarbamate Accelerator 0.75 

Potassium Hydroxide 0.15 

Sulfated Methyl Oleate 1 

To this composition, the phenolic antioxidant polybutylated bisphenol A (PBBA) 
and the antioxidant synergists ZMTI and MTI were added as follows: 

PHR 

12 3 4 
PBBA 12 11 

ZMTI 0 0 10 

MTI 0 0 0 1 

Fig. 3 shows the effect of a 30 minute cure at lOO^C on tensile strength. It can 
be seen that the combination of phenolic antioxidant with a antioxidant synergist 
(tests 3 and 4) Increases tensile strength relative to the addition of phenolic 
antioxidant alone (test 1 and 2). Note that doubling the amount of phenolic 
antioxidant (test 2) actually decreases tensile strength. 

To simulate the aging process of the natural rubber, the compositions were 
exposed to temperatures of 85«C for 7 days, a more rigorous testing condition for 
tensile strengtii than lOO'C for 24 hours. The results are seen in Fig. .4 

While compounds which only had an antioxidant (tests 1 and 2) added 
experienced a radical drop in tensile strength (about 80%), the combination of 
antioxidant and antioxidant synergist (tests 3 and 4) experienced a less radical 
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drop and resulted in products which possessed about 3x the tensile strength of 
their counterparts in test 1 and 2. 

Example 3 - Synthetic r ubber with phenolic anti-oyidanf 
Polychloropropene is the base polymer, sodium lauryi sulfate is the stabilizer, 
sulfated methyl oleate is the film surface conditioner and zinc oxide, 
tetnamethylthiuram disulfide and dithiocarbamate accelator comprise the curing 
system. 



PHR 

Polychloropropene from Latex (CR) ioo 
Sodium Lauryi Sulfate 
Zinc Oxide 

Dithiocarbamate Accelerator 
Tetramethylthiuram Disulfide 
Sulfated Methyl Oleate 



1 

5 

0.75 
1 
1 



To this composition, a phenolic antioxidant. (PBBA), and antioxidant synergists 
were added as follows: 



1 

PBBA 1 
Zinc 2-mercaptotolu imidazole 0 
2-Mercaptotoluimidazole o 

Fig. 5 shows the effect on tear strength of aging the synthetic mbber for 4 days at 
100'C following a 45 minute cure at 141 "C . 

It can be seen that films containing a combination of phenolic antioxidant with an 
antioxidant synergist (tests 3 and 4) result in greater tear strength relative to 
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adding antioxidant alone (test 1 and 2) both before and after aging. For the case 
of synthetic rubber films, degradation results In continuous crossllnking. Hence, 
since all of the tests show Increased tear strength after aging, it must be 
determined if this property is gained at an undue expense to elasticity 
(elongation). The results of testing elongation are shown in Fig. 6. 

Once again the antioxidant and antioxidant synergist mixture (tests 3 and 4) 
results in better elasticity (elongation) relative to antioxidant alone (test 1 and 2) 
or antioxidant synergist alone (tests 5 and 6). 

Example 4 - Synthetic mbber with ohenolic anti-oxidant 

A carboxylated, high acrylonitrile Is used as the base polymer, sodium lauryl 
sulfate and potassium hydroxide are used as the stabilizers, sulfated methyl 
oleate is the film surface conditioner and the zinc oxide, dithiocarbamate 
accelerator and the tetramethylthiuram disulfide comprise the curing system. 

Carboxylated, High Acrylonitrile from Latex (XNBR) 
Sodium Lauryl Sulfate 
Zinc Oxide 

DIthiocaribamate Accelerator 
Potassium Hydroxide 
Tetramethylthiuram Disulfide 
Sulfated Methyl Oleate 

To this composition, a phenolic antioxidant. (PBBA) and antioxidant synergists 
were added as follows: 



PHR 
100 

1 

2 

0.75 
0.15 
1 
1 
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PHR 

1 2 3 4 5 6 
PBBA 12 110 0 

Zinc 2-mercaptotoluimida2ole 0 0 10 10 

2-Mercaptotoluimidazole 0 0 0 1 0 1 

Fig. 7 shows the original tear strength after curing and the effects of aging at 
lOO'C for three and six days following a 30 minute cure at 121 °C 

The antioxidant and antioxidant synergist combination (tests 3 and 4) displayed 
better tear strength than the antioxidant alone. The films of the antioxidant 
synergist alone (test 5 and 6) were eliminated from further consideration because 
following three days aging at 100°C. the tear strength began to deteriorate. This 
indicates that the state of optimum crosslinking was exceeded. Fig. 8 shows the 
effect of the test conditions on elongation. 

The antioxidant and antioxidant synergist combinations (tests 3 and 4) proved to 
be as good as the antioxidant alone (test 1) and was about as effective as 
doubling the amount of antioxidant (test 2). In addition, test 1 showed a 
decrease in elasticity (elongation) the longer it was exposed to the aging 
conditions unlike tests 2-4 which showed an increase in elasticity. When 
considering the combination of tear strength and elasticity, the use of antioxidant 
and antioxidant synergists produced synthetic rubbers with enhanced properties 
but without sacrificing elongation. 



It should be understood that the preceeding is merely a detailed description of a 
depicted embodiment of this invention and that numerous changes to the 
depicted embodiments can be made in accordance with the disclosure herein 
without departing from the scope of the invention. This invention will have impact 
not only on the latex glove industry but also thread, balloon and other related 
latex industries. Therefore, the preceding description Is not meant to limit the 
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scope of the Invention; the scope Is to be detemilned by the appended claims 
and their equivalents. 



12 



CA 02353607 2001-07-23 



What is claimed is: 

1 . A latex film compound comprising the reaction product of: 

a) an antioxidant 

b) a mercaptoarylazole compound 

c) a polymer 

d) a stabilizing system 

e) a film surface conditioner; and 

f) a curing system. 

2. The compound of claim 1 wherein the mercaptoarylazole compound is 2- 
mercaptotoluimidazole or 2-mercaptobenzimidazole, or a salt thereof. 

3. The compound of claim 2 wherein the salt is a zinc salt. 

4. The compound of claim 1 wherein the mercaptoarylazole compound is the 
zinc salt of 2-mercaptotoluimidazole. 

5. The compound of daim 1 wherein the antioxidant comprises a phenolic 
antioxidant. 

6. The compound of claim 1 wherein the antioxidant comprises an amine 
antioxidant. 

7. The compound of claim 5 wherein the phenolic antioxidant is polybutylated 
bisphenol A. 

8. The compound of claim 6 wherein the amine antioxidant is octylated 
diphenylamine. 
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9. A lat X glove formed from a latex film of the compound of claim 1 . 
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FIG. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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CR: Phenolic Antioxidants 




1 2 3 4 5 6 

Antioxidant / Synergist Systems 



FIG. 6 
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FIG. 7 
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FIG. 8 



